J. HYM. RES. 
Vol. 8(2), 1999, pp. 238-250 



Does the Mating System of Trissolcus basalis (Wollaston) 
(Hymenoptera: Scelionidae) Allow Outbreeding? 

A. D. Loch and G. H. Walter 

(ADL and GHW) Department of Zoology and Entomology, The University of Queensland, 
Brisbane, Queensland, 4072, Australia; (ADL Present address: CSIRO Entomology, 
c/- Department of Conservation and Land Management, Brain St, Manjimup, Western 
Australia, 6258, Australia) 



Abstract . — The quasi-gregarious egg parasitoid Trissolcus basalis (Wollaston) is generally consid- 
ered to be an entirely inbreeding species because it is a sib-mating species that has female-biased 
sex ratios. Whether the species also outbreeds has not been previously investigated although 
several aspects of its mating behaviour suggest this might be possible. This question was inves- 
tigated indirectly in two ways by quantifying: (1) the inseminative capacity of T. basalis males in 
relation to the rate of female emergence, and (2) the effects of age and mating status on sexual 
receptivity of T. basalis. Trissolcus basalis females emerged over a period of several days, concen- 
trating their emergence in the morning hours. Males were able to inseminate many females (> 
50) in rapid succession, apparently without sperm depletion. However, approximately 20% of 
females did not produce female offspring, probably because they did not mate. Although the 
mated females produced proportionately more male offspring with time, this outcome is not 
readily explained by sperm depletion of their mating partners and remains an unresolved issue. 
Male sexual receptivity appears to be unaffected by age and would be expected to be unaffected 
by mating status because males typically are polygynous. Although a previously successful mating 
encounter did not preclude females from mating again, female sexual receptivity decreased sig- 
nificantly after mating. Female sexual receptivity also decreased significantly with age. These 
results suggest that both T. basalis males and females have the ability to mate away from the natal 
site and that outbreeding is possible in this species. Whether males and females can locate one 
another away from their own natal site therefore warrants further investigation. 



Arrhenotokous parthenogenesis is the 
usual means of reproduction in Hyme- 
noptera. Female-biased sex ratios and sib- 
mating are characteristic of many arrhen- 
otokous species, especially those whose 
males develop in the vicinity of their fe- 
male siblings and emerge before them 
(protandry). This occurs most frequently 
in gregarious parasitoids, which deposit 
many eggs per host, and quasi-gregarious 
ones (van den Assem et al. 1980), which 
lay one egg per host into hosts that are 
invariably aggregated. Hamilton's (1967) 
local mate competition (LMC) theory is 
generally seen as the best explanation of 
female-biased sex ratios (e.g. Waage and 
Lane 1984; Waage and Ng 1984; Hardy et 



al. 1993; Godfray 1994; but see Walter and 
Clarke 1992; Ode et al. 1997). Because fe- 
male Hymenoptera can control the fertil- 
isation of each egg they deposit, LMC the- 
ory predicts that single foundress broods 
of gregarious and quasi-gregarious spe- 
cies will contain only enough male off- 
spring to mate all of their sisters in the 
immediate vicinity (Hardy et al. 1998). 

Several recent studies have shown that 
strict local mating does not occur in some 
species with female-biased sex ratios and 
which therefore should be inbreeding spe- 
cies (e.g. Myint and Walter 1990; Nadel 
and Luck 1992; Molbo and Parker 1996; 
Hardy et al. 1999). The term partial local 
mate competition has been often used for 
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such cases. Another species whose mating 
behaviour appears not to be strictly local 
is Trissolcus basalis (Wollaston) (Hymenop- 
tera: Scelionidae), a quasi-gregarious egg 
parasitoid of the green vegetable bug, Ne- 
zara viridula (L.) (Hemiptera: Pentatomi- 
dae). Trissolcus basalis is regarded as an in- 
breeding species that manifests local mate 
competition (LMC) (Hamilton 1967) be- 
cause it has female-biased sex ratios and 
sib-mating (Noble 1937; Anon. 1939; Smith 
1945; Wilson 1961; Thomas 1972). How- 
ever, several aspects of its mating system 
are inconsistent with LMC and indicate 
that a proportion of each brood may out- 
breed if they are to transmit genes beyond 
the next generation. Field observations in- 
dicate that nearly 20% of newly-emerged 
females depart the egg mass unmated, ap- 
proximately 25% of mated females were 
mated more than once and often by mul- 
tiple males, virgin and mated females re- 
mained nearby the egg mass for up to sev- 
eral hours after emergence, and males dis- 
persed from the natal site (A. D. Loch and 
G. H. Walter unpublished data). Given 
that both males and females leave the na- 
tal site in the field, it is certainly possible 
that unrelated males and females meet 
and mate away from their natal site. 

The female mating pattern in T. basalis 
may be a consequence of the males mating 
many females in quick succession, and be- 
coming sperm depleted. Females mated 
by sperm depleted males may receive in- 
sufficient sperm to produce the usual pro- 
portion of daughters in a brood. They may 
therefore mate again, with outbreeding 
being more likely in such circumstances. 
The inseminative capacity of T. basalis 
males was therefore investigated in rela- 
tion to the rate and sequence of female 
emergence from the host patch. The ex- 
periment was designed to emulate typical 
rates of sibling emergence and mating in 
the field, rather than the unnaturally high 
rates used in some studies (e.g. Nadel and 
Luck 1985). Specifically, the number (and 
proportion) of females emerging from a 



single egg mass and inseminated by one 
male was quantified. The consequence of 
female emergence position for the amount 
of sperm received from the male was 
quantified by recording the number and 
sex ratio of progeny from every tenth fe- 
male to emerge. Whether T. basalis males 
become sperm depleted at mating rates 
typical in the field could thus be deter- 
mined. 

The potential for outbreeding in T. ba- 
salis was also evaluated by determining 
whether males and females are sexually 
receptive after mating and/or leaving the 
natal site. We therefore investigated the 
effects of age and mating status (virgin or 
mated) on T. basalis sexual receptivity in 
the laboratory, by exposing different aged 
virgin and once-mated females to newly- 
emerged virgin males. For completeness, 
the effect of age on male sexual receptivity 
was also studied by mating different aged 
virgin males with newly-emerged virgin 
females. 

MATERIALS AND METHODS 

Laboratory cultures. — Green vegetable 
bugs were reared at 28 ± 1°C, 65 ± 10% 
R.H., 16L:8D in mesh cages (0.45 m sides) 
on a diet of green bean pods ( Phaseolus 
vulgaris L.), shelled peanuts ( Arachis hy- 
pogea L.) and water. Cultures were aug- 
mented regularly with field-collected 
bugs. Green vegetable bug egg masses 
were collected daily from cages and were 
used to maintain cultures of green vege- 
table bug or T. basalis (see below). 

Laboratory cultures of T. basalis were es- 
tablished from parasitoids that emerged 
from green vegetable bug egg masses col- 
lected from mungbean, Vigna radiata (L.) 
Wilezek, and soybean. Glycine max (L.) 
Merr., during March-April 1997 and Jan- 
uary-April 1998 at Pittsworth (27° 43'S, 
151° 38' E), Bongeen (27° 34'S, 151° 27'E) 
and Cecil Plains (27° 32'S, 151° 12'E) in 
south-eastern Queensland, Australia. All 
T. basalis individuals that emerged from a 
single egg mass were held together in a 



240 



Journal of Hymenoptera Research 



ventilated vial streaked with honey. Cul- 
tures of T. basalis were kept at 15 ± 1°C, 
65 ± 10% R.H. and 16L:8D. The identifi- 
cation of T. basalis was confirmed by Dr 
Norman Johnson (Ohio State University). 
Voucher specimens from the T. basalis cul- 
ture are deposited in The University of 
Queensland Insect Collection. 

In all experiments, virgin wasps of the 
Fj- F 3 generation were used. Wasp virgin- 
ity was ensured by holding single wasp 
pupae in ventilated vials with honey, after 
breaking the host egg mass into individual 
eggs soon after parasitoid pupation. For 
each experimental replicate, wasps were 
derived from different field-collected egg 
masses to ensure siblings were not includ- 
ed as replicates. 

Inseminative capacity. — To determine 
male inseminative capacity, all of the T. 
basalis females that emerged from each of 
10 parasitised green vegetable bug egg 
masses were tested for insemination (see 
below). These original egg masses con- 
tained 85 ± 5 eggs, the mean size for 
green vegetable bug egg masses in south- 
eastern Queensland. Each egg mass had 
been parasitised by a single, once-mated 
female T. basalis over two days in a 50 X 
25 mm ventilated vial. Self-superparasit- 
ism is unlikely to arise under such condi- 
tions because females use a chemical 
marker to mark parasitised eggs (Wilson 
1961; Ganesalingam 1966; Field et al. 
1998). After 9-10 days, when the first 
males began to emerge, vials containing 
the parasitised egg masses were moni- 
tored frequently (every 5-10 minutes) dur- 
ing the 10 hours of artificial laboratory 
light each day. Before females began to 
emerge, all males were removed except 
for the dominant male occupying the egg 
mass. The dominant male was lightly 
marked on the thorax with fluorescent 
dust to distinguish him from males that 
emerged subsequently. These latter males 
were removed immediately they ap- 
peared. 

At each monitoring period any females 



that had emerged were removed and each 
was placed alone in a ventilated vial and 
provided with honey. Females were typi- 
cally found at the top of the vial. All fe- 
males, except those used to assess fecun- 
dity (see below), were provided 5-10 fresh 
green vegetable bug eggs to establish 
whether they produced female offspring, 
a certain indication they had been insem- 
inated (Wilson 1961). Females were al- 
lowed 24 hours to parasitise eggs before 
being removed. 

Lifetime fecundity was assessed for the 
first emerging female and for every tenth 
female that emerged from each egg mass. 
Each was provided with a frozen (-70°C) 
green vegetable bug egg mass each day 
for the first 12 days. The frozen eggs were 
< 1 month old and still viable for T. basalis 
(Powell and Shepard 1982, Kelly 1987). 
Earlier trials (n = 6) indicated that daily 
fecundity decreased rapidly and females 
were unlikely to produce offspring after 
12 days. Large egg masses (85 ± 5 eggs 
each) were supplied on each of the first 
two days, half masses (40 ± 5 eggs) for 
each of the next four days, and small 
masses (20 ± 5 eggs) for each of the last 
six days, so that females had an excess of 
hosts at all times (see Results). Parasitised 
egg masses were placed singly in ventilat- 
ed vials and incubated until all offspring 
had emerged. Eggs that were obviously 
parasitised, but from which parasitoids 
failed to emerge, were dissected and the 
parasitoid removed for sexing. Counts of 
the numbers of male and female offspring 
produced per female per day were then 
made. 

Adult size. — Adults were measured to 
assess whether their size was affected by 
emergence sequence and whether fecun- 
dity was influenced by size. Two mea- 
surements were taken from all males and 
females to emerge from each egg mass: 
head width and right hind tibial length. 
Head width was measured as the distance 
between the outermost points of the eyes. 



Volume 8, Number 2, 1999 



241 



Measurements were made under a dis- 
secting microscope, accurate to 0.01 mm. 

Sexual receptivity . — Two experiments 
were conducted to investigate the effect of 
adult age and mating status (virgin or 
mated) on sexual receptivity. The first ex- 
amined whether age affected the male's 
readiness to mate. A single virgin male 
aged 1, 5, 10, 15 or 20 days old was intro- 
duced into one end of a 50 X 12 mm ven- 
tilated vial containing a virgin female less 
than 24 hours old at the other end. The 
male and female were observed until mat- 
ing occurred or for 20 minutes, as virgin 
males and females would usually mate 
within 10 minutes with an average pre- 
mating time of ca 3 minutes. 

The number of contacts between the 
male and female before mating was re- 
corded, as were the pre-mating and mat- 
ing times. In addition, pre-mating and 
mating behaviours were observed for any 
differences between treatments. Once mat- 
ing had taken place, the male was re- 
moved and the female provided with ca 
10 green vegetable bug eggs. The eggs 
were removed one day later and incubat- 
ed at 28 ± 1°C until offspring emerged. 
Because T. basalis is arrhenotokous (Wil- 
son 1961), a female was regarded as suc- 
cessfully inseminated if any female off- 
spring were produced. 

The other experiment examined wheth- 
er female age and mating status affected 
her readiness to mate. Virgin females were 
assigned to two groups. Those in one 
group were not mated, whereas the others 
were mated within 24 hours of emergence 
by a virgin male. All females were held, 
until needed, in a ventilated vial streaked 
with honey. Subgroups of females (virgin 
or once-mated) were exposed to virgin 
males less than 24 hours old, at ages 1, 5, 
10, 15 or 20 days, one pair per 50 X 12 
mm ventilated vial. Procedures and con- 
ditions were the same as for the first ex- 
periment. For both experiments 15 repli- 
cates of each treatment were conducted, 
all at 25 ± 2°C and 65 ± 10% R.H. 



Statistical analysis . — Logistic analyses 
were conducted to test whether emer- 
gence position influences the probability 
of a female being inseminated. A logistic 
regression was conducted for each of the 
10 experimental replicates, in which the 
binary response variable, whether a fe- 
male was inseminated (assigned 1) or un- 
inseminated (assigned 0), was regressed 
against her position in the emergence se- 
quence. 

The fecundity of females in different 
emergence positions and their offspring's 
sex ratio were analysed by 1-way ANOVA 
after log(x + 0.5) and arcsine(Vp) trans- 
formations, respectively. The significance 
of any differences was assessed by Fish- 
er's protected least significant difference 
test. Linear regression was employed to 
assess the relationship between fecundity 
and female head width or hind tibial 
length. 

The effect of age of males, virgin fe- 
males and mated females on the number 
of pre-mating contacts, pre-mating time 
and mating time was tested by 1-way AN- 
OVA after data were log(x + 0.5) trans- 

Table 1. Summary statistics from logistic analyses 
testing whether emergence position influences the 
probability of a female being inseminated. A logistic 
regression was conducted for each of the 10 experi- 
mental replicates, in which the binary response var- 
iable, whether a female was inseminated (assigned 1) 
or uninseminated (assigned 0), was regressed against 
her position in the emergence sequence. Relationship 
refers to whether females later in the emergence se- 
quence tended to be uninseminated (negative) or in- 
seminated (positive). 



Replicate 


^ No. 


x ; 


p-value 


Relationship 


1 


78 


0.58 


0.45 


negative 


2 


40 


1.52 


0.22 


positive 


3 


30 


0.56 


0.45 


negative 


4 


73 


0.30 


0.58 


positive 


5 


59 


5.74 


0.02 


negative 


6 


55 


0.80 


0.37 


positive 


7 


60 


11.41 


<0.01 


negative 


8 


57 


0.15 


0.70 


negative 


9 


61 


2.78 


0.10 


positive 


10 


78 


2.56 


0.11 


positive 
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Day 

Fig. 1. Pattern in which Trissolcus basalis siblings 
emerged from parasitised green vegetable bug egg 
masses. Number of males and females that emerged 
each day from each of 10 egg masses (parasitised on 
day 0) in the laboratory at 28 ± 1°C, 65 ± 10% R.H. 
and 16L:8D. Error bars represent standard errors for 
the mean number of siblings (males and females) that 
emerged each day. 

formed. G-tests were employed to test the 
effect of age of males, virgin females and 
mated females on the number of females 
mated within 20 minutes. G-tests were 
also employed to test if the number of fe- 
males inseminated was related to age of 
males and virgin females. The effect of 
mated female age on the probability of be- 
ing inseminated was not analysed statis- 
tically because mated females were pre- 
sumed to have been successfully insemi- 
nated at their first mating. 

The effects of female age and mating 
status (virgin or once-mated) on the num- 
ber of pre-mating contacts, pre-mating 
time and mating time were tested by two- 
way ANOVA after data were log(x + 0.5) 
transformed. A log-linear analysis was 
employed to test the effects of female age 
and mating status on the number of fe- 
males mated within 20 minutes. 

RESULTS 

Emergence patterns . — Most wasps (> 
95%) emerged under lighted conditions, 
with the majority emerging during the 
first 3 -4 hours of morning light. A mean 
± s.e. of 67.9 ± 4.6 wasps emerged from 



Table 2. Overall number of offspring and off- 
spring sex ratio (mean ± s.e.) produced by Trissolcus 
basalis females in different positions in the entire 
emergence sequence. Fecundity and sex ratio values 
derive only from those females that had been insem- 
inated (as indicated by their production of daugh- 
ters). See Fig. 2 and Table 1 for details. 



Emergence 


N °'d 


No. not 


Fecundity 1 


Sex ratio 
(a male)' 


1 


8 


2 


139 ± 13 


0.23 ± 0.03 


10 


8 


1 


125 ± 17 


0.26 ± 0.04 


20 


9 


1 


129 ± 16 


0.29 ± 0.05 


30 


9 


1 


116 ± 11 


0.36 ± 0.06 


40 


8 


0 


100 ± 12 


0.30 ± 0.08 


50 


7 


1 


153 ± 23 


0.30 ± 0.04 


60 


5 


1 


95 ± 15 


0.22 ± 0.08 


70 


1 


2 


116 


0.72 



1 Column means for fecundity (F 74fi = 1. 12, p = 0.37) 
and sex ratio (F-j,, = 1.61, p = 0.16) were not signif- 
icantly different. 



each of the 10 original egg masses, com- 
prising 59.1 ± 5.0 females and 8.8 ± 2.3 
males. Males began emerging on day nine 
with emergence peaking on days 10 and 
11 (Fig. 1). Few males, if any, emerged 
from egg masses later than day 14. Fe- 
males emerged on days 10-19 with emer- 
gence peaking on days 11-13. The largest 
number of females that emerged from any 
one egg mass in one day was 57 females 
on day 12. 

Inseminative capacity and fecundity . — The 
dominant males that were left alone on 
egg masses to mate their sisters insemi- 
nated a mean ± s.e. of 48.3 ± 3.9 females, 
with 68 females being the maximum num- 
ber inseminated by one male. The propor- 
tion (mean ± s.e.) of emerging females 
that was inseminated by the dominant 
males was 0.82 ± 0.02 across egg masses. 
Of the 10 replicates conducted, five 
showed a positive relationship between 
the probability of a female being insemi- 
nated and her emergence position and five 
showed a negative relationship (Table 1). 
Two of the negative relationships were 
significant at < 5% and two of the positive 
relationships were significant at < 11% 
(Table 1). 
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Table 3. Number and sex ratio (mean ± s.e.) of 
offspring produced by females that emerged as 
adults during a single day, but in different positions 
in the emergence sequence. Only females that 
emerged on the first day of female offspring emer- 
gence were included in the analysis because at this 
stage males would presumably have had a full sperm 
supply, and short term rates of sperm depletion could 
be assessed most accurately. Fecundity and sex ratio 
values are calculated only from mated females in 
each position. 



I mergence 


No. 


No. not 
mated 


Fecundity 


Sex ratio 


1 


8 


2 


139 ± 13 


0.23 ± 0.03 


10 


6 


0 


112 ± 19 


0.27 ± 0.04 


20 


3 


1 


150 ± 4 


0.27 ± 0.05 


30 


2 


0 


108 ± 4 


0.46 ± 0.17 


40 


2 


0 


99 ± 45 


0.21 ± 0.00 


50 


1 


0 


257 


0.35 



Column means for fecundity (F, 16 = 2.31, p = 0.09) 
and sex ratio (F, )fc = 1.47, p = 0.25) were not signif- 
icantly different. 



Fecundity was highly variable, and 
ranged from 42 to 257 (mean ± s.e. = 121 
± 5, n = 65) offspring per female. Progeny 
production peaked during the first 24 
hours after emergence with about 40-50 
offspring on average, and then decreased 
rapidly with time (Fig. 2). The number of 
offspring produced per day was always 
less than the number of hosts provided. 
The sex ratio (proportion male) of off- 
spring increased with time such that fe- 
males produced few or no female off- 



spring after 10 days, although by then few 
offspring were being produced (Fig. 2). 
Fecundity and brood sex ratio were not 
significantly affected by the position of 
parent females in the overall emergence 
sequence (Table 2), nor by the position of 
females in the emergence sequence on the 
first day of female emergence (Table 3). 

Adult size . — Head widths and hind tibial 
lengths for male and female T. basalis 
showed little variation within and across 
replicates. Females were significantly larg- 
er than males: mean ± s.e. head widths 
were 0.61 ± 0.001 mm and 0.58 ± 0.002 
mm for females and males respectively 
(F 1622 = 410.3, p < 0.0001), and their re- 
spective hind tibial lengths were 0.41 ± 
0.001 mm and 0.39 ± 0.001 mm (F le , 22 = 
52.3, p < 0.0001). No trend between emer- 
gence position and head width or hind 
tibial length was apparent except that the 
last 1-5 wasps to emerge from an egg 
mass tended to have head widths and 
hind tibial lengths up to 0.05 mm smaller 
than previously emerged wasps. 

Fecundity increased significantly with 
increases in female head width and hind 
tibial length (Fig. 3). However, regressions 
of fecundity against each of the two size 
measurements fitted poorly (r 2 < 0.10). 

Sexual receptivity — The age of males had 
no significant effect on the number of pre- 
mating contacts, mating time or the num- 



Table 4. Effect of virgin male age on their propensity to mate within 20 minutes of exposure to a virgin 
female (expressed as number of females mated). Also given is the number of females inseminated, number 
of pre-mating contacts, pre-mating time and mating time (last three values are mean ± s.e.). The number of 
males used to calculate each mean and s.e. is the number of males mated in 20 minutes (first row) from the 
15 replicates. 









Male age (days) 






l 


5 


10 


15 


20 


No. mated 


15a 


15a 


15a 


15a 


15a 


No. inseminated 


12a 


12a 


15a 


12a 


12a 


No. contacts 


2.6 ± 0.3a 


1.9 ± 0.3a 


1.8 ± 0.3a 


2.7 ± 0.4a 


2.2 ± 0.2a 


Pre-mating time (s) 


173 ± 37a 


92 ± 17b 


88 ± 21b 


181 Tt 33a 


176 ± 24a 


Mating time (s) 


12.0 ± 1.3a 


10.8 ± 1.0a 


12.6 ± 0.6a 


12.4 ± 0.8a 


14.5 ± 2.1a 



Row means followed by the same letter are not significantly different (G-test for first 2 rows, 1-way ANOVA 
for last 3 rows, P > 0.05). 
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Table 5. Effect of virgin female age on their propensity to mate within 20 minutes of exposure to a virgin 
male (expressed as number of females mated). Also given is the number of mated females that was successfully 
inseminated, number of pre-mating contacts, pre-mating time and mating time (last three values are mean ± 
s.e.). The number of females used to calculate each mean and s.e. is the number of females that mated within 
20 minutes (first row) from the 15 replicates. 









Virgin female age (days) 




l 


5 


10 


15 


20 


No. mated 


15a 


15a 


14ab 


lib 


10b 


No. inseminated 


12a 


11a 


10a 


8ab 


3b 


No. contacts 


2.6 ± 0.3a 


5.3 ± 0.8b 


8.6 ± 1.9b 


5.0 ± 1.1b 


5.8 ± 0.8b 


Pre-mating time (s) 


173 ± 37a 


303 ± 43b 


419 ± 113b 


275 ± 93ab 


370 ± 73b 


Mating time (s) 


12.0 ± 1.3a 


11.5 ± 0.7a 


8.1 ± 0.8b 


10.9 ± 0.7a 


9.3 ± 1.5ab 



Row means followed by the same letter are not significantly different (G-test for first 2 rows, 1-way ANOVA 
for last 3 rows, P > 0.05). 



ber of females mated or inseminated (Ta- 
ble 4). Pre-mating time was affected by 
male age with males aged 5 and 10 days 
old having a significantly shorter pre-mat- 
ing time than males aged 1, 15 and 20 
days old. No differences in male pre-mat- 
ing or mating behaviour were observed 
between males of different ages. 

In contrast, virgin female pre-mating 
and mating behaviours were affected by 
their age (Table 5). Females aged 5-20 
days old tended to resist the males' mat- 
ing attempts by moving away from them, 
aggressively chasing males away and/or 
refusing to allow males to copulate after 
mounting. The numbers of pre-mating 
contacts and pre-mating times were great- 
er for females aged 5-20 days than for 1 
day old females (Table 5). Females aged 1, 
5 and 15 days old mated for significantly 



longer than 10 day old females. The num- 
ber of females mated within 20 minutes 
and the number successfully inseminated 
decreased significantly with female age 
(Table 5). 

The age of mated females also affected 
their pre-mating and mating behaviours, 
with mated females aged 5-20 days gen- 
erally resisting mating attempts in the 
way described above for virgin females of 
different age. The mating propensity of 
mated 5-20 day old females was signifi- 
cantly less than that of one day old mated 
females (Table 6). The numbers of pre- 
mating contacts and pre-mating times in- 
creased significantly with female age, but 
mating time was not significantly affected 
by their age (Table 6). 

Two-way ANOVA examining the ef- 
fects of female age and sexual status (vir- 



Table 6. Effect of age of previously-mated females on their propensity to mate within 20 minutes of ex- 
posure to a virgin male (expressed as number of females mated). Also given is the number of pre-mating 
contacts, pre-mating time and mating time (values are mean i s.e.). The number of females used to calculate 
each mean and s.e. is the number of females that mated within 20 minutes (first row) from the 15 replicates. 







Ageo 


>f previously-mated female (days) 




i 


5 


10 


15 


20 


No. mated 


15a 


6b 


8b 


9b 


6b 


No. contacts 


4.7 ± 1.0a 


9.7 ± 2.9b 


7.0 ± l.Oab 


8.1 ± 1.1b 


9.3 ± 3.4b 


Pre-mating time (s) 


235 ± 48a 


549 ± 143b 


373 ± 74ab 


514 ± 97b 


547 ± 205ab 


Mating time (s) 


8.6 ± 0.7a 


8.4 ± 1.1a 


6.1 ± 1.1a 


7.4 ± 1.5a 


9.7 ± 2.2a 



Row means followed by the same letter are not significantly different (G-test for first row, 1-way ANOVA for 
last 3 rows, P > 0.05). 
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Table 7. Summary of results from 2-way ANOVA (log (x + 0.5) transformed) testing whether the individual 
and interactional effects of the factors, female age and mating status (virgin or once-mated), affected the 
number of pre-mating contacts, pre-mating time and mating time. 



Factor 


No. contacts 




Pre-mating time 


Mating time 


Age 


F 499 = 7.06, P < 0.0001 


f 4 . w 


= 4.50, P = 0.002 


F 4i99 = 3.31, p = 0.01 


Mating status 


F, w = 8.37, P = 0.005 


F, w 


= 8.65, P = 0.004 


F,.„ = 10.01, P = 0.002 


Age X mating status 


F 499 = 0.89, P = 0.47 




= 0.83, P = 0.51 


F 4 ’„ = 0.96, P = 0.44 



gin or once-mated) on mating propensity 
indicated that the interaction between fe- 
male age and mating status was not sig- 
nificant for all three measures of mating 
propensity (Table 7). As single factors, fe- 
male age and mating status significantly 
affected the number of pre-mating con- 
tacts, pre-mating time and mating time 
(Table 7). 

A log-linear analysis on the effect of fe- 
male age on the propensity of virgin and 
mated females to mate within 20 minutes 
revealed that the model could be de- 
scribed best by two interactions: female 
mating status and the number of females 
mated, and female age and the number of 
females mated (Maximum likelihood x 2 = 
8.38, df = 8, p = 0.40). The propensity of 
females to mate within 20 minutes was 
significantly greater for virgin females and 
younger females. 

DISCUSSION 

The results from this study suggest that 
strict local mating does not occur in T. ba- 
salis and that outbreeding away from the 
natal site may commonly occur. Results 
that are inconsistent with LMC theory in- 
clude: (1) males do not achieve the maxi- 
mum rate of insemination expected de- 
spite showing no apparent signs of sperm 
depletion, (2) males remain sexually re- 
ceptive probably throughout their lifetime 
(Table 4), and (3) females can be mated 
multiple times, despite becoming decreas- 
ingly sexually receptive after mating and 
with age (Tables 6, 7). We discuss the im- 
plications that these results have on the 
mating system of T. basalis and ask wheth- 
er this species is likely to outbreed. 



Emergence of T. basalis females is con- 
centrated during the early morning hours 
over several days (Wilson 1961; Fig. 1). In 
the field a dominant male usually guards 
the parasitised egg mass from which fe- 
males are emerging. These females are his 
sisters unless the egg mass has been su- 
perparasitised. In the laboratory, the sin- 
gle male left on the mass successfully mat- 
ed many females in succession, with 
sometimes up to 50 or more females 
emerging over several hours (Table 3). Fe- 
males in all positions in the emergence se- 
quence apparently received similar quan- 
tities of sperm because their offspring sex 
ratios were not affected by emergence po- 
sition (Table 2; Fig. 2), even if those fe- 
males all emerged and were mated on the 
same day by a single male (Table 3). 

Although the above results suggest that 
a single T. basalis male can fully insemi- 
nate each of his female siblings from the 
same egg mass, two observations indicate 
that the dominant male does not achieve 
the maximum rate of insemination that is 
possible. First, only ca 80% of females 
were inseminated by dominant males (Ta- 
ble 1, see also Wilson 1961). Wilson (1961) 
proposed that temporary sperm depletion 
in the dominant male may be the cause. 
But even when large numbers of females 
emerged in a day, the offspring sex ratio 
produced by inseminated females did not 
vary with their position in the mating se- 
quence (Table 3). In addition, uninsemi- 
nated females appeared throughout the 
emergence sequence (Tables 1-3). Field 
observations have shown that a similar 
percentage of emerging females is not 
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mated by the dominant male guarding the 
egg mass (A.D. Loch and G.H. Walter un- 
published data). Also, ca 18% of matings 
between virgin males and females in the 
laboratory do not lead to successful in- 
semination (A.D. Loch and G.H. Walter 
unpublished data). In our experiments, we 
did not observe females to confirm they 
mated or to ascertain why they may not 
have mated. However, the high rate of un- 
inseminated females is likely to be partly 
the consequence of simultaneous female 
emergences, during which males become 
occupied with some emerging females, 
while others move unmated to the top of 
the vial, a behaviour that has parallels in 
the field (A.D. Loch and G.H. Walter un- 
published data). 

The second observation suggesting that 
maximum insemination rates are not 
achieved by the dominant male, is that 
even those females that were inseminated 
produced proportionately more male off- 
spring with age (Fig. 2). This trend has 
also been reported in other studies of T. 
basalis fecundity (Powell and Shepard 
1982; Correa-Ferreira and Zamataro 1989; 
Awan et al. 1990) and in work on the con- 
familial Telenotnus busseolae (Gahan) (Cha- 
bi Olaye et al. 1997). Females apparently 
do not receive sufficient sperm to fertilise 
all their eggs. However, temporary sperm 
depletion in males or insufficient sperm 
transfer by males are unlikely explana- 
tions. First, this trend was uniform for fe- 
males in all emergence positions (Fig. 2), 
indicating that sperm depletion in the 
male was not the cause. Second, females 
held with males throughout their lifetime, 
and therefore assumed to be mated mul- 
tiple times, also produce proportionately 
more male offspring with time (Powell 



and Shepard 1982; Awan et al. 1990), sug- 
gesting that this trend occurs irrespective 
of the number of times a female is mated. 
The reason for this trend is not clear, but 
a decrease in sperm viability over time is 
possible, or it could have a behavioural or 
physiological basis. 

Results from this study suggest that T. 
basalis males do not become sperm de- 
pleted at rates of mating that are typical 
for this species in nature. In this study, 
green vegetable bug egg masses of 85 ± 5 
eggs were used, and represent the largest 
known host masses for T. basalis, in terms 
of the number of eggs. The test males 
were, therefore, exposed to a high number 
and frequency of matings. In any case, 
dominant males in control of egg masses 
in the field are unlikely to become sperm 
depleted because changeovers in male 
dominance occur frequently (A.D. Loch 
and G.H. Walter unpublished data), and 
female emergence continues over several 
days (Fig. 1). 

Sexual receptivity of T. basalis males ap- 
pears unaffected by age (Table 4) and mat- 
ing status, thus enabling males to mate 
probably throughout their lifetime. The 
only aspect of male sexual receptivity that 
was affected by age was pre-mating time, 
which was significantly shorter for 5-10 
day old males than for 1, 15 and 20 day 
old males. They may be more receptive at 
5-10 days because they emerge up to sev- 
eral days before females (Anon. 1939; No- 
ble 1937; Smith 1945; Wilson 1961; Thom- 
as 1972) and would therefore not normally 
need to mate immediately upon emer- 
gence. 

In contrast, female sexual receptivity 
decreased rapidly after mating and with 
age (Tables 5-7). Such decreases are con- 



Fig. 2. Number (mean ± s.e.) of progeny produced each day after emergence by inseminated Trissalcus 
basalis females. Data are presented separately for each group of parent females according to their position in 
the emergence sequence (i.e. (a) 1st, (b) 10th, (c) 20th, (d) 30th, (e) 40th, (f) 50th, (g) 60th and (h) 70th), and 
thus the sequence in which they were inseminated by the dominant male on their host egg mass. Numbers 
above error bars indicate the number of females still alive at that time. 
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sistent with LMC theory because mating 
is assumed to occur only at the natal site 
among siblings (Hamilton 1967). Howev- 
er, females can be mated multiple times, 
which is inconsistent with LMC theory. 
This inconsistency coupled with others 
such as male dispersal from the natal site 
(A. D. Loch and G. H. Walter unpublished 
data), and males remaining sexually re- 
ceptive probably throughout their lifetime 
(Table 4) suggest that T. basalis of both 
sexes may mate away from the natal site 
and therefore outbreed. 

Trissolcus basalis may outbreed if males 
and females can locate and/or attract each 
other once they have left the natal site. 
Males may be able to locate unrelated, 
newly-emerged (and thus sexually recep- 
tive) females directly, or they could do so 
indirectly by locating hosts parasitised by 
T. basalis and then competing with emerg- 
ing males for mating access to females. 
Similarly, newly-emerged females may be 
able to locate males directly, or indirectly 
by searching for parasitised hosts with 
males in occupation. Currently, no evi- 
dence is available on whether males or fe- 
males can locate potential mating partners 
away from the natal site. LMC models as- 
suming strict local mating (Hamilton 
1967) suggest that T. basalis males and fe- 
males will not be able to locate each other 
in the field. However, in other hymenop- 
terous species with female-biased sex ra- 
tios, such as Spalangia catneroni (Perkins) 
(Myint and Walter 1990) and Pachycrepo- 
ideus vindemiae (Rondani) (Nadel and Luck 
1992), males are able to locate hosts and 
thus potential mating partners, a feature 
likely to be found in other species (Hardy 
1994). 

Males may not only be able to outbreed 
with newly-emerged virgin females but 
also with newly-emerged mated females 
because a previous mating encounter did 
not preclude females from mating again 
(Table 6). This result is not likely to be an 
artefact of laboratory conditions or pro- 
cedures because females have been ob- 




Head width (mm) 

Fig. 3. Fecundity of Trissolcus basalis females in re- 
lation to head width (y = 1711x - 928, r 2 = 0.10, n 
= 65, p = 0.01). The trend for fecundity versus hind 
tibial length (y = 1294x 407, r 2 = 0.07, n = 65, p 

= 0.04) is not shown because it was similar to the 
displayed trend. Both trends were determined irre- 
spective of female position in the emergence se- 
quence (see Table 2). 

served to be mated multiple times and by 
multiple males in the field (A. D. Loch and 
G. H. Walter unpublished data). Whether 
T. basalis females are truly polyandrous 
has yet to be established, for matings after 
the first successful mating may not lead to 
successful insemination. For instance, 
mating plugs may be used by males to en- 
sure additional matings do not result in 
insemination. 

This study also made a number of find- 
ings pertaining to the fecundity of T. ba- 
salis. The mean fecundity recorded in this 
study is higher than fecundities recorded 
by Noble (1937), Ganesalingam (1966) and 
Thomas (1972), but similar to values re- 
corded by Powell and Shepard (1982) and 
Correa-Ferreira and Moscardi (1994), and 
lower than fecundities recorded by Cor- 
rea-Ferreira and Zamataro (1989) and 
Awan et al. (1990) for the same species. 
These differences are likely to be the result 
of differences in laboratory procedures 
and conditions, although differences in 
adult female size may have contributed 
because fecundity is greater for larger fe- 
males (Fig. 3). The trend whereby fecun- 
dity peaked on the first day after female 
emergence and decreased rapidly over 



Volume 8, Number 2, 1999 



249 



time, differs somewhat from the results of 
Ganesalingam (1966) and Powell and 
Shepard (1982), who showed that fecun- 
dity peaked on day 2. These differences 
are less readily attributable to different 
laboratory procedures and conditions, and 
their significance is unclear. The claim by 
Field et al. (1998) that T. basalis is a syno- 
vigenic species was supported by our re- 
sults because females laid eggs for 10-12 
days with progressively fewer eggs each 
day (Fig. 2) despite sufficient hosts being 
available during the first few days for 
them to have deposited their lifetime com- 
plement of eggs then. 

In conclusion, although uninseminated 
females leaving the egg mass may well be 
mated by the other males (also likely to be 
their siblings) that wait around the egg 
mass, the possibility that these females 
could mate unrelated males near or away 
from the natal site may not be low. Al- 
though we have no direct evidence of T. 
basalis outbreeding in nature, the results 
from this study and other related studies 
(A.D. Loch and G.H. Walter unpublished 
data), suggest that it may be more fre- 
quent than anticipated by LMC theory. In 
addition, outbreeding is likely to occur 
when > 1 female oviposits in an egg mass. 
Further research investigating the mating 
system of T. basalis is required before the 
question of the species' outbreeding can 
be resolved. Specific issues that need to be 
addressed include the questions of wheth- 
er T. basalis haa a means of mate-attrac- 
tion, and whether T. basalis females are 
truly polyandrous. 
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